S mooth muscle cell (SMC) proliferation and migration from the arterial media into the subendothelial space have been recognized as essential components in the development of atherosclerosis in humans and animals. 1 -6 The cause for these phenomena are still not completely understood. Although the cellular composition of human atherosclerotic lesions is well known, 1 -11 knowledge about functional, biochemical, and cytoskeletal differences between smooth muscle cells of the normal media and those of atheromatous plaques is very limited. 12 -20 Reports on the in vitro growth properties of SMC from atherosclerotic lesions are still rare. Recently, cell culture has been used to estimate the growth rate and other characteristic features of cells isolated from the atherosclerotic arteries of animals. 21 - 26 Another approach was that of Grunwald and Haudenschild 26 who showed that initjmal injury in vivo activates vascular SMC migration and explant outgrowth in vitro.
In contrast to animal models in which the proliferative activity of SMC of experimentally induced atherosclerotic lesions can be studied by a variety of techniques, cell culture is most likely the only way to study human atherosclerotic material experimentally. There are only a few reports on cell culture studies of SMC derived from human atherosclerotic lesions. 20 ' 27 -30 In these investigations, the growth characteristics of cells isolated from atherosclerotic and normal human arteries were compared. There are no cell culture studies of advanced human atherosclerotic lesions or of fresh restenosing lesions at the same location. Such studies may provide a greater insight into the activation process of SMC in vivo.
The present investigation describes the isolation of SMC from human primary stenosing lesions (ps-SMC) and restenosing lesions (re-SMC) after percutaneous transluminal atherectomy, the cell growth in cultures, and the characteristic features of these cells. 
Methods

Patients and Plaque Extraction
ArterfosderotJc plaque material was selectively extracted from severely stenosed or completely occluded superficial femoral arteries by the Simpson atherectomy device as previously described. 3132 The selective capture of stenosing tissue was achieved by adjunctive angioscopy. 33 A total of 158 specimens from primary stenosing lesions from 19 patients (ages 64±12 years) and 37 specimens from restenosing lesions of five patients (ages 64 ±9 years) were obtained at the Department of Internal Medicine I, Klinikum Grosshadern, University of Munich, FRG. Atherectomy specimens were usually 2 to 8 mm long and about 1 mm thick. The total wet weight of primary stenosing tissue of all patients was 1600 mg (average, 89 mg/patient) and 255 mg for tissue of restenosing lesions (average, 64 mg/ patient). The average stenosis rate of all patients due to angiographic parameters before percutaneous atherectomy was 95%±8%, and the residual stenosis rate after intervention was 22%±12%, thus demonstrating that the main portion of stenosing tissue was extracted. For a detailed presentation of the clinical data, see Table 1 .
Cell Isolation and Cultivation
Immediately after extraction, plaque specimens were transferred to glass flasks containing sterile and HEPESbuffered (15 mM) culture medium without serum supplement. The specimens were transported within 20 to 24 hours to the Physiological Institute I, University of Tubingen, Tubingen, FRG, for cell isolation and cultivation (by permission of the ethical committee of the University of Tubingen). Here, specimens were washed twice with fresh medium (see above). One third of the plaque cylinders were cut into small pieces of about 1x1 mm and were cultivated as adherent explants.
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The remaining specimens were enzymatically disaggregated for 180 minutes at 37°C in a shaking water bath by the following enzyme mixture: 10 ml of HEPES-buffered culture medium containing 18 mg collagenase (Worthington CLS III, 229 lU/mg, charge 45S 8973; Seromed, Berlin, FRG), 2 mg elastase (from porcine pancreas, charge 11569820-05; Boehringer-Mannheim, Mannheim, FRG), and 10 mg trypsin inhibitor (from soybean, 53.5 lU/mg; Serva, Heidelberg, FRG), pH 7.2. After the addition of 20% fetal calf serum, the cells were centri-fuged for 10 minutes at 170 g and were plated. The cells were then cultured in a mixture of Waymouth's MB 752/1 and Ham F12 nutrient mixture (1=1; vol/vol) supplemented with 10% to 15% fetal calf serum at 37°C in 7% CO 2 . All cell culture reagents were purchased from Gibco BRL, Eggenstein, FRG. At confluency, cells were subcultured by trypsin/ethylenediaminetetraacetic acid (EDTA) treatment (0.05%, pH 7.2). For additional information on cell culture techniques used for the cultivation of SMC from human stenosing tissue as extracted by percutaneous atherectomy, see reference 33.
Immunofluorescence Microscopy
For cell identification and examination of cytoskeletal components, the cells of the primary cultures and first subcultures were seeded on round glass coverslips at a density of 1000 to 5000 cells/cm 2 . At 48 hours after the cells were completely spread out, they were fixed in methanol for 6 minutes at -20°C, and indirect immunefluorescence was carried out as described. 3837 The following primary antibodies were used at a concentration of 50 ^ig/ml: 1) monoclonal anti-a-smooth muscle actin (Progen Biotechnik, Heidelberg, FRG), 2) monoclonal anti-a-tubulin (Amersham Buchler, Braunschweig, FRG), 3) monoclonal anti-human desmin (Dakopatts, Glostrup, Denmark); 4) monoclonal anti-vimentin (a kind gift of Mary Osbom, G6ttingen, FRG), and 5) monoclonal antifactor Vlll-related antigen (vWF; Calbiochem, Frankfurt, FRG). Tetrareodaminyl-isothiocyanate (TRiTC)-and fluorescein-isothyocyanate (FITC)-labeled second antibodies (goat antimouse IgG) were purchased from Miles Scientific, Munich, FRG, and Dianova, Hamburg, FRG. Counterstaining of the nuclei was performed with DAPI (4',6-diamidino-2-phenylindole-dihydrochloride; Serva Feinbiochemika, Heidelberg, FRG) at a concentration of 0.1 MO/ml in phosphate-buffered saline (PBS) for 20 minutes at 37°C. Staining of stress fibers was carried out with TRITC-phalloidin as previously described. 38 The cells were mounted in Moviol 4-88 37 and examined using a Nikon Optiphot microscope equipped for epifluorescence with appropriate filter sets. Micrographs were taken with a Planapo 40/1.0 Oil or a Planapo 60/1.4 Oil lens on Kodak Tri-X Pan film.
Examination of Cell Viability
Cell viability was checked by using fluorescent dyes as follows 38 : Cell cultures were washed twice with PBS and incubated for 2 minutes at room temperature with PBS containing 6 Mg/ml fluorescein diacetate and 3 /xg/ml ethidium bromide (both compounds were purchased from Sigma Chemie, Deisenhofen, FRG). After removal of dyes and another two washes with PBS, the cells were examined with an inverted microscope (Nikon Diaphot TMD) by using epifluorescence. Viable cells that can hydrolyse fluorescein diacetate exhibit a green fluorescent staining of cytoplasm when blue excitation is used, whereas the nuclei of dead cells show a red fluorescent staining when green excitation is used.
Growth Curves
Studies on cell proliferation were not possible in primary cultures because the number of enzymatically isolated cells was not high enough for a series of growth curves. Therefore, ps-SC and re-SMC of confluent primary cultures were trypsinized and seeded into 6-well plates (Costar 3406, Tecnomara, Fernwald, FRG) at a density of 2000 to 3000 cells/cm 2 . At 24 hours after seeding and on every third day thereafter, the medium was exchanged. At appropriate times, cells of two wells were washed with PBS, were trypsinized for 10 minutes at 37°C, and were transferred to a cell counter (CASY 1, Scharfe Systems, Reitiingen, FRG) for measurement of cell number and cell size. Both parameters were monitored up to 16 days after seeding.
Growth Factors and Collection of Conditioned Medium
Platelet-derived growth factor (PDGF, purity>95%) from human platelets was purchased from Flow Laboratories, Meckenheim, FRG (charges 87-1110 and 88-5045). This was diluted with PBS containing 2 mg/ml bovine serum albumin and was used at final concentrations ranging from 1 to 5 ng/ml. According to the method described by Savoly et al., 40 a mitogen mixture (ECGF) was isolated from bovine brain and used at final concentrations ranging from 25 to 100 /xg/ml. Re-SMC conditioned medium was removed from cultures in log-phase under sterile conditions and immediately frozen and stored at -7 0 X .
Collagen Coating of Petri Dishes
Lathyritic collagen type I was purchased from Boehringer-Mannheim, Mannheim, FRG, and was diluted with 0.1 M acetic acid to a final concentration of 0.1 mg/ml. This solution was pipetted into Petri dishes, which were then incubated for 30 minutes at 37°C. After the removal of collagen solution, the dishes were dried for another 30 minutes under ultraviolet light and were immediately taken for the experiments.
Cell Adhesion Assay
The assay for cell adhesion was a slight modification of that described by Bjdrkerud. 41 The cultures of ps-SMC and re-SMC from which the cells were to be assayed were detached to a single-cell suspension by trypsinization, were diluted with culture medium, and were centrifuged at 170 ^f o r 7 minutes. Pelleted cells were resuspended with Waymouth's MB 752/1 and Ham F12 (1 = 1) containing 1 mg/ml bovine serum albumin (Merck, Darmstadt, FRG) and standard amounts of antibiotics (the "adhesion medium") and were washed twice with this medium by centrifugation. Finally, the cells were resuspended in adhesion medium, counted, and seeded in aliquots of 5 ml into tissue culture plastic dishes (Falcon 3002F). The dishes were either untreated or coated with lathyritic collagen type I. After cell seeding, the dishes were incubated at 37°C in the incubator. At appropriate times, the supernatant was removed, and the dishes were carefully washed twice with PBS. Adhering cells were detached by trypsin/EDTA, and cell numbers and cell size were measured in the cell counter described above.
Results
Characteristic Features of Cells In Primary Cultures and Subcultures
Within 4 to 8 days after adhesion of tissue explants, the cells of primary stenosing tissue started to grow out radially from approximately 70% of the explant pieces. These cells were identified as SMC (see next section). The vast majority of ps-SMC exhibited abundant stress fibers running through the cytoplasm ( Figure 1A ). Enzymatically obtained ps-SMC attached 24 to 48 hours after plating and exhibited the same characteristics as cells that had grown out of the explants. For a detailed description of ps-SMC morphology, see references 33 and 42. We were able to subcultivate ps-SMC two times. Thereafter, the cells remained viable, but did not undergo further cell divisions. Another trypsin treatment of the cell cultures for subculturing to induce further cell divisions 43 resulted in the death of ps-SMC.
In contrast, re-SMC started to migrate and proliferate from the explants after 2 to 3 days, and about 90% of the adherent explants exhibited an abundant outgrowth of re-SMC. Re-SMC obtained by enzymatic disaggregation started to proliferate immediately after attachment of cells plated as primary cultures and exhibited an extraordinarily high proliferation rate, as calculated by daily counting the number of cells in at least five arbitrarily selected microscopic fields.
Most re-SMC were elongated and fibroblast-like, but polygonally shaped cells were also observed. In contrast to ps-SMC, cells from restenosing tissue did not show extraordinarily pronounced stress fibers in cytoplasm ( Figure 1B ). The cells of primary cultures were subcultivated after reaching confluency and then routinely after two population doublings per passage. Signs of senescence, such as a decreased capacity for further doublings or abundant cell debris, 44 were observed after five passages. By passage 8 to 10, re-SMC became quiescent and did not undergo further cell divisions.
Common to both ps-SMC and re-SMC was the relatively small number of cells that could be isolated by enzymatic disaggregation of plaque tissue. The yield of SMC from primary stenosing and restenosing lesions varied largely, but was in all cases relatively small (approximately 30 000 cells/100 mg of stenosing tissue). This fact is not surprising since atherectomized tissue of lesions of the superficial femoral artery contains abundant amounts of extracellular matrix material but only a relatively small number of SMC (unpublished observations).
Identification of Isolated Cells and Cytoskeletal Organization
Isolated cells were identified in primary cultures and first subcultures by their positive reaction with antibodies against a-smooth muscle actin, which has been shown to be a specific marker for SMC 46 ( Figures 2A and 2B ). The staining with antibodies against a-smooth muscle actin did not differ from the one achieved by TRITC-phalloidin (not depicted), suggesting a distribution of a-actin along the whole stress fiber system. The polygonally shaped cells also reacted strongly with anti-a-smooth muscle actin, characterizing these cells, in spite of their strange cell shape, as SMC. According to these immunological criteria, at least 90% of ps-SMC and re-SMC in primary cultures were SMC. A positive reaction with antibodies against vWF, a marker for endothelial cells, 4847 ' 48 was not observed.
To examine whether there were significant differences in cytoskeletal organization between ps-SMC and re-SMC, we checked the staining patterns of tubulin and intermediate-sized filaments by indirect immunofluorescence microscopy and by using specific antibodies. Microtubules in ps-SMC and re-SMC originated at areas adjacent to the nuclei (microtubule organizing centers), ran radially through the cytoplasm, and terminated at the cell periphery ( Figure 2C ).
Vimentin was observed to be organized as wavy fibers extending through the cytoplasm in a more or less radial arrangement and as a particularly abundant network around the nucleus ( Figure 2D ) as described for animal cells (see references 49 and 50) . There was no difference in the microhjbule staining pattern between ps-SMC and re-SMC nor |n vimentin organization in comparison to SMC cytoskeietons obtained from cells of nonatherosderotjc human artery walls (not depicted). No positive reaction of ps-SMC and re-SMC in primary cultures and subcultures with antibodies against desmin was observed. These data complement and extend those of others 1751S2S3 who reported that cells that have migrated from the media into the intima during atherogenesis contain decreased, if any, amounts of desmin and increased amounts of vimentin.
Cell Size Measurements and Growth Curves
Measurements of cell size of total ps-SMC and re-SMC populations in primary cultures and first subcultures revealed a pronounced heterogeneity ( Figures 3A and  3B ). Both SMC populations from human atherosclerotic lesions consisted of two distinct subpopulations, which could be easily distinguished by cell diameter: 1) subpopulation 1 contained cells with a cell diameter of 18.6±5 fim (mean±SD), and 2) subpopulation 2 contained cells with a diameter of 27.1 ±3 nm (mean±SD). The cell diameters of the two subpopulations differed significantly (/O<0.01, Student's /test). However, ps-SMC and re-SMC populations showed a clear predominance of cells with the smaller diameter: 70% of total cell number of ps-SMC and 85% of re-SMC were designated as subpopulation 1. In contrast, cells of subpopulation 2, which might represent the enlarged and senescent portion of cells, were present at 30% for ps-SMC and only at 15% for re-SMC. Interestingly, the amount of debris present in the cultures was extremely high for ps-SMC cultures (45% of total counts in cell counter), whereas in re-SMC cultures, the amount of debris was only 15% of total counts in cell counter. As shown in Figure 3C for re-SMC of the fifth subculture, the amount of cell debris and the portion of enlarged cells of subpopulation 2 increased with in vitro age, but did not attain the values estimated for ps-SMC in first subcultures.
Since the cell yield after enzymatic disaggregation was not sufficient for a series of growth curves, detailed studies on cell proliferation were not possible on primary •Calculated by counting the cell number of at least five arbitrarily selected microscopic fields of the inverted microscope.
cultures. For an examination of growth rates (Table 2) , only plaque cells that were isolated by enzymatic disaggregation were taken for these studies. This enabled us to define the in vitro age accurately. Despite their different growth rates (see below), only cells with an in vitro age of five cumulative population doublings were used for detailed measurements of growth rates in the first subcultures. The growth curves of total ps-SMC and re-SMC populations in the first subcultures showed that the proliferative activity of re-SMC was extraordinarily high in comparison to ps-SMC (Figure 4 ). This demonstrates that the metabolic activity of SMC in fresh human restenosing lesions is higher than that of primary stenoses. The mean value±standard deviation of all growth curves of ps-SMC was 0.16±0.04, whereas that of re-SMC was 0.64±0.15. The difference was statistically significant (/CxO.001). Detailed growth curves of re-SMC removed by percutaneous atherectomy were possible with restenosing plaque material from two different patients (Table 2 ). In addition, the growth rates of re-SMC from a third patient could be calculated by counting the number of cells of at least five arbitrarily selected microscopic fields. On the other hand, another three detailed proliferation studies on restenosing lesions, which were extracted by surgical intervention from peripheral and coronary arteries (unpublished results), showed the same increased growth rates of re-SMC in culture. Additional proliferation studies on re-SMC in the third and sixth passages also showed an increased growth rate in comparison to ps-SMC ( Table 2 ), indicating that the activation of SMC in vivo in fresh restenosing lesions is retained over several passages in vitro.
At first glance, the increased growth rates of re-SMC seemed to be related mainly to the smaller cells of subpopulation 1 ( Figure 5B) . A careful calculation of subpopulation doubling rates showed instead that the proliferative activity of cells of both subpopulations was stimulated at the same degree. Despite this fact, the cells of subpopulation 1 predominated in all experiments •Evaluations from excellent (+ + +) to poor (-).
•Calculated by counting the cell number of at least five arbitrarily selected microscopic fields of the Inverted microscope.
At first glance, the increased growth rates of re-SMC seemed to be related mainly to the smaller cells of subpopulation 1 ( Figure 5B) . A careful calculation of subpopulation doubling rates showed instead that the proliferative activity of cells of both subpopulatjons was stimulated at the same degree. Despite this fact, the cells of subpopulation 1 predominated in all experiments Days in culture because the smaller cells became stationary at higher cell densities than those of subpopulation 2. In comparison, both ps-SMC subpopulations exhibited a less pronounced prolrferative activity, resulting in an overall reduced growth rate ( Figure 5A ).
Response of Cells to Serum Mftogens and Growth Factors
Plaque-derived cells were routinely cultivated in culture medium supplemented with 10% to 15% fetal calf serum. To examine if the proliferative activity of the cells can be influenced by varying serum concentrations and thus different amounts of serum mitogens, ps-SMC and re-SMC were cultured in medium containing serum concentrations ranging from 1 % to 20%. Despite their significantly low growth rates in culture, ps-SMC clearly responded to increasing serum concentrations in a dosedependent manner ( Figure 6A ). Serum concentrations of 1% and 5% did not stimulate proliferative activity of ps-SMC, and the cells remained quiescent. The proliferative activity of re-SMC was also stimulated by increasing serum concentrations in a dose-dependent manner (Figure 6B) . In contrast to ps-SMC, re-SMC that were exposed to a serum concentration of 5% did not remain quiescent, indicating again the activated state of cells from fresh restenosing lesions. The use of pooled and heatinactivated (30 minutes at 56°C) homologous whole blood serum from three healthy donors did not increase the growth rates of either ps-SMC or re-SMC when compared with the corresponding concentrations of fetal calf serum (not depicted) . Surprisingly, as shown in Figure 7 , ps-SMC did not respond to the increasing PDGF and ECGF concentrations present in culture medium. In contrast, the proliferative activity of re-SMC was stimulated by both growth factors in a dose-dependent manner. Under our cell culture conditions and the growth factor concentrations used in the test assays, re-SMC proliferation could be stimulated more than 2.5-fold in comparison to the corresponding controls. 
/response of Ps-SMC to Re-SMC Conditioned Culture Medium
Since it was shown that cells derived from human atheromas release a PDGF-like mitogenic activity into the culture medium, 54 we examined the effect of re-SMC conditioned medium on the growth rates of cells from advanced primary stenosing lesions. As shown in Figure 8 , the addition of re-SMC conditioned cultured medium caused a significant increase of ps-SMC proliferation in comparison to controls. The effect was not visible at once, but took at least 2 days until ps-SMC proliferation was stimulated. In the experiments, ps-SMC, which were grown in medium with the corresponding concentration (15%) of fetal calf serum, served as controls.
Differential Adhesion of Re-SMC Subpopulatlons
To further characterize the re-SMC subpopulations, an attachment assay was performed according to the method of Bjorkerud. 41 As shown in Figure 9 , the enlarged cells of subpopulation 2 were high adhesive, whereas the smaller cells of subpopulation 1 were low adhesive. At as soon as 30 minutes after seeding, the vast majority of subpopulation 2 cells were attached, but only a small portion of subpopulation 1 cells were attached. The smaller cells were attached only after a 60-minute incubation. This differential adhesion of the two subpopulations may be used for separation and independent growth in cell cultures. The attachment of both re-SMC subpopulations on collagen type I, which promotes adhesion of SMC from nonatherosclerotic human arteries (unpublished observations), was delayed.
Influence of Substrate Coating on Re-SMC Proliferation.
The results of the adhesion assay demonstrated that collagen type I delayed the adhesion of both re-SMC subpopulations. To determine whether collagen type I also decreases the proliferative activity of re-SMC, an additional proliferation assay was carried out. The results show that collagen type I inhibited re-SMC proliferation in comparison to tissue culture plastic ( Figure 10A ). The proliferative activity of SMC from nonatherosclerotic human arteries was not influenced by collagen type I ( Figure 10B ).
Discussion
Percutaneous atherectomy with the Simpson catheter recanalizes severely stenosed or even completely occluded arteries in humans.
3 1 3 2 5 5 6 6 5 7 This clinically valuable device makes it possible to collect stenosing tissue removed in the tubular housing and thus to study extracted plaque material by a variety of techniques, such as histology, 32 immunohistochemistry (Dartsch et al., unpublished observations), gel electrophoresis, and cell culture. 3342 In this article, the isolation and cultivation of SMC from advanced human primary stenosing lesions and from fresh restenosing lesions after removal by the Simpson atherectomy device is described. Moreover, the growth characteristics and cytoskeletal organization of cells from both sources, as well as their different reaction patterns in cell culture, are compared.
Common to both ps-SMC and re-SMC was the clear subdivision of total cell populations into two subpopulations with different cell diameters. Concerning cell shape, a cellular heterogeneity In human atherosclerotic lesions has already been described by various authors 11 -S8B9 and has been addressed as a cellular polymorphism.
Days in culture
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Only Bjorkerud 30 ' 4162 -63 ' 64 has found two distinct subpopulatjons in the cultures of SMC derived from human and animal arteries. Bjorkerud also demonstrated that the small cells were low adhesive (I cells), whereas the larger cells were high adhesive (A cells). He suggested that the different types of arterial SMC might reflect specialized subpopulations, with the I cells possibly involved in repair and remodelling of the artery.
As we have seen from our studies, the overall predominance of the smaller cells of subpopulation 1 in ps-SMC and re-SMC total populations is suggestive that this highly activated SMC subpopulation may be the cell type that has originally migrated from the media into the subendothelial space during the initial stages of plaque development during atherogenesis. Moreover, the two subpopulations discriminated in our study could be characterized by differential adhesion after seeding with the smaller cells of subpopulation 1 as low adhesive and the enlarged cells of subpopulation 2 as high adhesive cells. From all parameters described, these two subpopulations of our study seem to be identical with those that have already been described by Bjorkerud, although in our adhesion assay, the cells attached to the substrate considerably faster. The delayed cell attachment and decreased proliferation of both re-SMC subpopulations on collagen type I in comparison to tissue culture plastic may be due to the fact that cells in human fibromuscular intjmal thickenings preferentially synthesize collagen type III and only small amounts of collagen type I. 65 Another major finding of this study is that cultured SMC from fresh restenosing lesions grew at a significantly higher rate than cells from advanced primary stenosing lesions. Our results demonstrate that ps-SMC exhibited an extraordinarily low growth rate in primary cultures and became quiescent after being subcultured once or twice. In addition, ps-SMC behaved like senescent cells, not only in their proliferative activity and cellular debris, but also in revealing an abundant microfilament network with cytoplasmic vacuoles and a granulated surface. In contrast, cells from fresh restenosing lesions did not possess these criteria of senescence, even when subcultivated several times. Since SMC derived from nonatherosclerotic arteries have decreased growth rates and growth capacities with increasing donor age (unpublished observations), one could conclude that there may be an influence of donor age in the present study. As shown in detail (Table 1) , the two patient populations (with primary stenoses and restenoses) did not differ, so that this possible influence can be excluded in the evaluation of growth rates.
Re-SMC showed an extraordinarily high growth rate in all proliferation studies, with the cells in the first and second subcultures indicating the cellular activation in vivo. This increased proliferative activity of SMC, which is only one facet of an altered complex metabolic situation, was also observed in specimens from one patient where the medial layer was injured during atherectomy intervention. These observations agree with the findings of Grunwald and Haudenschild 26 on cultured SMC from ballooninjured rat aortas, which grew more rapidly in vitro and even became temporarily serum independent. Several other reports have also demonstrated that SMC isolated from early lesions, as presented in this study by fresh restenosing tissue, from both animals 2366 and humans, 29 proliferate at a higher rate than do cells from more advanced lesions or from the surrounding media.
Since the number of cumulative population doublings of ps-SMC and re-SMC in proliferation studies with cells of first subculture was identical, the early senescence of ps-SMC in culture can only be explained by the fact that ps-SMC must have undergone more cell doublings during atherogenesis in vivo. From our immunohistochemical studies on human plaque material removed from the superficial femoral artery, we know that such plaques contain abundant amounts of extracellular matrix material, but only a relatively small number of SMC, which are mainly distributed in the form of cell clusters (Dartsch et al., unpublished observations) . When considering the cell yield of approximately 30 000 cells/100 mg of stenosing tissue and the lifespan of re-SMC in culture of about 10 cell doublings more than ps-SMC, one may conclude that only a very limited number of SMC must have originally migrated from the media into the subendothelial space.
The in vitro growth characteristics of SMC derived from human atherosclerotic lesions have already been evaluated. 27 -3061 •*" The results of these studies are contradictory, because a reduced proliferative activity of plaque cells 27 increased 29 cell proliferation rate of cells from atherosclerotic lesions in comparison to unaffected arterial media were reported. These contradictions may be partially caused by different plaque locations (for example, aorta, femoral artery) and by differences in cell culture techniques. In a series of experiments, Ross et al. 27 have compared the proliferative response of SMC obtained from advanced lesions of the superficial femoral artery with those obtained from the underlying media of the same artery. They used increasing concentrations of homologous whole blood serum and observed that the SMC from the lesions failed to respond to concentrations of serum ranging from 1 % to 10% at either passage. They termed these low responders "senescent cells." In contrast, our observations demonstrate that both ps-SMC and re-SMC responded to increasing serum concentrations in a dose-dependent manner with an increase in proliferative activity. The only difference between ps-SMC and re-SMC was that cells from primary stenosing lesions remained quiescent at low serum concentrations up to 5%, whereas the growth rates of cells from restenosing lesions could be stimulated by such low concentrations.
Although ps-SMC clearly responded to increasing amounts of serum mitogens, they failed to respond to purified PDGF or a mitogenic mixture, ECGF, while re-SMC were again stimulated by both growth factors in a dose-dependent manner. On the other hand, the use of re-SMC conditioned culture medium enhanced growth rates of ps-SMC. An interpretation of all these observations is difficult. The highly activated cells from restenosing lesions obviously produce a mitogenic activity, which may stimulate their own growth in an autocrine manner 68 and which is released into the culture medium. This mitogenic activity probably differs from PDGF, as purified PDGF from human platelets did not stimulate growth rates of ps-SMC. Walker et al. 6 9 7 0 have reported that SMC isolated from arterial intima 2 weeks after a balloon catheter-induced injury produced 10 times as much PDGF-like material as SMC isolated from the media of uninjured arteries. Furthermore, Morisaki et al. 71 have shown that SMC secrete a growth factor that is distinct from PDGF. We propose the following explanation for our findings: Cells from early lesions, as represented by fresh restenosing lesions, respond to PDGF by proliferating at who demonstrated that SMC from diseased human arteries can secrete mrtogenic activity, from which only about 38% could be neutralized by antj-PDGF antibodies. Note added in proof: Histological, immunohistochemical, and electrophoretical findings on atherectomy specimens from primary stenosing lesions are now in press: Dartsch PC, Bauriedel G, Schinko I, Weiss HD, Hofling B, Betz E: Cell constitution and characteristics of human atherosclerotic plaques selectively removed by percutaneous atherectomy. Atherosclerosis (in press). 
